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ABSTRACT

Ten sets of tires with nine different off-road tread patterns

were tested on a paved surface using a towed, instrumented trailer to

measure their cornering characteristics (wet and dry) and their

braking performance (wet, full skid).

The data obtained and a method for rank ordering is presented.
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INTRODUCT ION

The adoption of radial ply tires by the military will present an

ideal opportunity also to adopt a new tire tread pattern. Such a new tread

pattern is desirable to make the radial tires easily identifiable in

order to avoid, as much as possible, indiscriminate mixing of radial

and bias tires, a recognized dangerous situation. A new pattern is also

desirable to improve the traction characteristics of present military

tires on wet pavements and to improve wear rates.

At present, there is no known theory or mathematical model, which

will predict the performance of various tire tread patterns either

on-or off- the highway. This program, therefore, investigated nine tire

tread patterns which were selected by the U. S. Army Tank-Automotive

Command (TACOM). This was the first step in a rather comprehensive

program to develop a new military tread pattern which will improve on-road

performance without degrading cross-country performance. Hopefully, this

program will also obtain better insight into the part that tire tread

patterns play in on- and off-road traction.

TEST PROGRAM

Two types of on-road tests were conducted: Measurements of tire

cornering and tire braking forces. To conduct these tests at the loads

desired, a special trailer was constructed (see Figure 1). This two-wheel

trailer was provided with special linkages that would simultaneously

yaw both tires in equal but opposite directions (see Figure 2). Both

wheels were connected to an activator so that the yaw angle could be

controlled remotely from the towing vehicle and the test wheel had an

angular potentiometer mounted so that the angle could be measured and

recorded. Mounted on the test wheel was a balance specially constructed
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FIGURE 1. GENERAL VIEW OF TEST APPARATUS

FIGURE 2. TIRES UNDERGOING TEST ON DRY PAVEMENT
AT LARGE TOE-IN ANGLE
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which measured the forces normal to the wheel plane resulting from this

yaw motion (see figure 3). Removable dead weights were employed to vary

the test loads. Attached to the rear of the trailer was a "beta-wheel"

which measured the yaw angle of the trailer with respect to its forward

motion. This yaw angle may have been due to a "crown" on the road surface

or high toe in/out angles when the tire cornering forces have "peaked"

creating an unstable condition. A watering system, which directed water

from the towing vehicle to the front of the test tires allowed testing

under either wet or dry road conditions.

To measure braking traction, the trailer was supplied with air-

actuated brakes. The same balance which measured the normal forces was

also capable of measuring wheel torque. From this torque and the measured

loaded radius (spindle height), the braking force could easily be calculated.

The test operator controlled the brake mounted on the test wheel. For

safety, the vehicle driver had a control which applied both brakes. By

carefully regulating the air supply, the test operator could gradually

slow down the test wheel until it stopped. The other tire remained free

to roll and prevented the trailer from yawing excessively. One tachometer,

mounted on the free wheel, measured the forward velocity of the trailer;

another measured the speed of the braked wheel. A positive displacement

pump, attached to the drive line of the vehicle insured a water layer

thickness of 0.02 inches, regardless of test speed.

Ten different tires were tested. To avoid commercial identification

they have been designated with the letters A though J. Pictures of their

tread patterns are shown in Figures 4 to 13. All tires were 9.00-20.

Tire I is the current, standard U. S. Army tire design on a bias ply

carcass. Tire H also had a bias carcass. All other tires were of radial

construction. All radial tires had a 14PR except tire J, which had a

12PR. The two bias ply tires had 8PR. To observe the influence of ply

rating, tires G and J had the same tread pattern. (They may look slightly

different in the accompanying photographs because thepictures were taken

after the tests on tire J were completed, but before those on tire G

had started.)

3
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FIGURE 3. TWO-COMPONENT BALANCE FIGURE 4 TIRE A

FIGURE 5 TIRE B FIGURE 6. TIRE C
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FIGURE 7. TIRE D FIGURE 8. TIRE E

FIGURE 9. TIRE F FIGURE 10. TIRE G
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FIGURE 11. TIRE H FIGURE 12. TIRE I

FIGURE 13. TIRE J
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All cornering force tests were conducted at 5 mph, at slip angles

between plus and minus 100 and at the conditions listed in Table 1.

Table 1

Cornering Force Test Conditions

Load Inflation
Pressures

(lb) (psi)

3350 50, 35

2168 50, 35, 15

1504 50, 35, 15

Cornering force tests were conducted under both wet and dry road conditions.

Attempts to conduct cornering force tests at the highest load (3350 lb) and

lowest pressure (15 psi) yielded erratic results due to the heavily

overloaded conditions. They were thus abandoned.

The braking force tests were conducted at the conditions listed in

Table 2. All braking tests were conducted wet (0.02 inches of water).

Additional tests at other speeds were conducted with the Tire H

at 50 psi pressure and both 3350 lb and 2168 lb loads to obtain the

relationships between speed and skid number for the road and test conditions

employed. Since it is difficult to perform the braking tests at exactly

the desired test speed it is necessary to obtain a speed/skid number

gradient for the test surface. This gradient (Eq. 3) is then used to

correct the actual test data to the nominal speed for comparison purposes.

The road used for all tests was resurfaced in 1972; hence it is

considered to be in excellent condition, smooth, with little wear and

possessing good traction characteristics. It has an ASTM Skid Number

of 55.

7
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Table 2

Braking Force Test Conditions

Load Inflation Nominal
Pressure Speed

(lb) (psi) (mph)

3350 50 30

2168 50 30

2168 35 20

2168 15 10

1504 35 20

1504 15 10

TEST RESULTS

Summaries of all test results are presented in Tables 3 to 12. The

loaded radius and tire foot print was recorded for each tire and each load

inflation condition.

Data Processing

Braking Force was calculated by Equation (1):

BF T (I)
LR

where BF = Braking Force

T = Measured torque at full lock-up (100% skid)

LR The measured loaded radius (spindle height
above level ground) for the load and inflation
pressure under study

Skid Number was calculated by Equation (2):

SN= BF x 100 (2)

W - H BF

where SN = Skid Number

BF = Braking force from Equation (1)

8
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W = Tire Load

H = Trailer Hitch Height

A = Distance from trailer axle to center of hitch

The Adjusted Skid Number was calculated by Equation (3)

ASN = SN- 1.34 (Vn -Va) (3)

where ASN = Adjusted Skid Number

V = The Nominal Test Speed (see Table 2)n

SN = The calculated Skid Number from Equation (2)

Va = The measured test speed in mph

1.34 = The correction factor obtained from the
additional Tire H tire tests (see above)

The peak braking force was obtained from the torque trace prior to

full lock-up. Since this condition is highly unstable, it is not obtained

for all test conditions. The skid conditions for this peak force, cal-

culated by Equation (4), was also recorded

V - VbS = i(4)
V

a

where S = Skid (expressed in per cent)

V = The measured test speeda

Vb = The measured speed of the braked wheel

All cornering force measurements were plotted against slip angle

(see Appendix). The slope of this curve at zero slip angle, zero camber

and zero cornering force is called the "cornering coefficient." The

cornering forces measured at plus and minus 100, where the curve has

usually reached its peak, were averaged and used as the performance indicator.

For tires I and G no attempt at all was made to obtain this peak.
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The loss in cornering force due to the wet condition at 5 mph was

calculated by Equation (5) and is expressed in the tables as per cent.

L =1- WCF (5)
5 DCF

where L5 = The loss in cornering force due to wetness
at 5 mph (expressed in per cent)

WCF = The averaged measured cornering force at 100

slip angle under wet conditions

DCF = The average measured cornering force at 100

slip angle under dry conditions

It must be noted that these tests are highly dependent on road

surface and water film thickness. It is generally accepted that cornering

force does not vary with speed in the dry but that speed is significant

in the wet. Thus greater differences than those shown in these tables

would be exhibited as the forward speed increases.

To compare performance, the cornering force at 100 (Figures 14 to

23) and the Adjusted Skid Numbers (Figures 24 to 33) for each tire were

plotted for each condition tested. Straight lines were then drawn be-

tween the plotted points as a visual aid for comparison. The figures are

presented in descending order of overall performance in the opinion of

the authors. (For example, the tire plotted in Figure 14 is deemed

superior in cornering characteristics to that in Figure 15 ; likewise,

that in Figure 24 is superior in braking to that in Figure 25). Perfor-

mance at high load was weighted over that at low load, at high speed

over that at low speed; and under wet conditions over that under dry.

From these figures, it appears that the top four tires are Tires

G, J, C and D. Tire.F appears to be the worst; while the others are

somewhere in the middle, some performing better in braking and others

better in cornering. Of interest, Tire I, the standard Army NDCC tread

performs about equally to Tire H, the NDCC tread with a few added grooves.

Likewise, Tires Gand J, with the same tread pattern, but different

carcasses performed about equally.
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CONCLUS IONS

From the data presented, there are no large differences in overall

performance between the various tires. There is, however, a gradation

between the best and worst tires. Of significance, the effects of

rubber compounding, known to be important* are not controlled in this

study. With these restrictions we can conclude:

1. The adoption of tread patterns G(orJ ), C or D will improve

on-road braking and cornering performance over the current NDCC pattern

(tire I).

2. The differences in performance between the other tires are

not significant.

RECOMMENDATIONS

I.. Similar tests be conducted in size 7.00-16 (1/4-ton truck size)

to determine if similar trends exist at that size and where higher speed

tests will not be as dangerous. These higher speeds should show greater

differences between wet and dry performance.

2. Analyses be made of performance versus various tread pattern

parameters to determine if there is sufficient correlation that can be

used in future tread design.

3. If future tests are to be conducted, rubber compound and carcass

construction should be identical.

4. Combined braking and turning, which occurs in emergency situations,

is worthy of investigation.

Kelley, J. D. and Albert, B. J., "Tread Design of Tire Affects Wet Traction
Most," SAE Journal, September 1968.
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APPENDIX

Cornering Force vs. Slip Angle for

the Loads and Inflation Pressures Tested
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L1200a

~16 0 0 K. .

* ~-2000aa

-2400 -

A-8



________ __ ____ _______ _______R- 1727 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

:.j.2!:.:

''I~~T ~j.~I;IIire.: B

K J I-77 Load: 26 b .

-i i: ;i

IX --I 1 7 t ~ Press 15 PsIt

*1 I Dr 'y
:-Cornering Force .

< 200m:t: c&= 67 Ilb 0

K , IC

S12400

L t i l l

`60 0' 0

1; 1: . i 2J 6' 8I1

4400 Si nl dge)

, L

SS It ip,'n 1e.,O q e )

Ir~~j ~ 1200. LK

F~jI' 1600- I

<V I ~2000W-

Ii ~ ~ ~ ij ft ~ .

* I~ ~ VI

III'' I i

A-9



__________________________R- 1727 ______________

L -I L--'

IT i Ire B I-
1)J L. H V i Load:. 150)4 1-b

I ~~~ Press 1 s

I ornering Foce 'LI I

is .'j1 :260 1 b!/'

* I I .. 12 400 I
rI j7 -1 17,-LI

.2 .L~n i.2000 ,' I

7 I : :

-tT:

q 7i

i 4' 1116 1
I ' "12 00

..... L.:7'
..LT1ý' ~d kojS pAnl dge~

'800 ~ ~ 7- -- 7 -

t 4 o l .i1 I e rI)

71 T17

I' ~ 20100:~- :7.

1 I~2~400L

W I 
I'

A-10



R- 1727

I ITi re: B
1 ...... Load: .1504+ lb

I III:~ ~ i i~Press 35 Ps i

-. Corner~ing Force, yc

(1b)~ 400 , Wet 1

LC =300 l/

I 2000 I.

J I 1600

4. 0~

-.42 0 0I

80 .0 0.

I .1 1 0

C I 1800

' T

. 11-.-2000I

I .I --2~400-~

A-1l



R-1727

r~e B

Loa 15 Q4. lb
* . . ~ IItitVi Loa it~fb

I' 1. 2 JTpj~iH A .I res~s 5~

Cornerng I IDryo

(I b) -

`C 250 I b/),* F IIYj7
I2400--

L_17 -7 ~I'* I l i

11600 - -- 1 .r--~* .t

1' .77..

* I *--t 800 II 7I!'

10 8' 6 4 2"*I''I
2!.. 10

I~.s '~~ fSip Angle' (egrýeep)

'I III! ~800 i.,i

FT ; ! !It II I. I

,1,600 .7 I

IF Ii ,'2000 : 7, 77-11- I

F4o 77 =-I j I
I I ...i.;If~iIF~iI~II ~ 4.

F~ T-1II

t - A-] 2



_____ ____ ____ ____ _____ ____R-1727 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I Ti re: B

I I .~.. 441 144Load: 2168 1b

I ornering Forc e Ij D

4~j 41 ~ .444 , ~ h C 367 lb!/0

I7I 2400 1
4.1.- A 1 '

ij LUUL '7

1I 6i 'I ;

.L2 00I 7120

* I ~~~80041 jK 1 I

I ll4I.14414 4 I 0I

10 8 6 4 2 'II 1__ _ _ _ _

- r---1 177' 46 8 10

lK~ Kr q ' ipAgeý .(d egree);

~~~ ~~1200 I I*: 4'-:*

4 I , I 1600, ~

.1 I'; I 2000 ~

I~~ II ~~2400'~ 1 ~ '' . I4

4~~ 71Ii I
4f L L; -t.

I IJ~*JJ [rllI4i-4i

A-13



IR 1727

Ti re: B

1:. ..i ILoad ''2168-lb-

I ' Cr ne ng:-Force~
(11b) .j,

I ~ !I''C 320'-lb!0

II

:7 .I jj ~ '' i I I I

200 7IIt- .' I '

* . I IF:F~j.~ '' ' K'1½.. V.! '¼'ý

* F I *.i~*[ F, j 1 2 0 0  7 7 2 V . :j -I ~ I *

. .~i .... ... ~ 800' I

10 8 6 14 '' 
2 ;~'

Li I t 8. '

400 Slip A!) (dgrq if

L 800 OjJ

It 1F I•oIF I

I ' 1~2000 ''I

'' ' F r- - I

A-l 14'I



R- 1727

7..

oa 3350-: lb

I 'l.Press:3 I

is Cornering:Fo rce Dr

'!~ 0ij

J. ---. . ......

7- 7I: '; '~12 00 ;p

IT 

'

10 8 6 4Li '2'',+

2. 6 8 10

SI, F.' I)_

S 800~ - I

F '' --I.',

till

F FFI 1600:11;

-2000, I

7i FF

IA 1



R- 1727

Ti re: B

1 % +2q b!0 Load: ~3350 lb

Pre --- 2 -ss 50-ps i

Corner~ing Force, Dry

(lb);,
.. ~ ~- - - Wet

24 00 -1-

-2000

... .. ....

~ :::. 800 -~I~

120 00 , i p, n : gr

-7 200 + 671

K-.. 4~~~000 Si niedgeV

411

A- 16



R- 1727

I ITi re: C

j . Load:, ,l50I41 bs

i Press: 1 s

I i Dry®
Cornering: Force,

~ I - '. Wet

.. . . . . .. . . ., . . . . . . . . . C ~ 250 lb!0

12400

1 0

120 0I

8 0 - --- -r --- '

4*00

10 8 1 6 4 2I _

2 - 8 10

400 jSlip Angle' (degree)..

--800 I

0.1,

II, 1600

''I~ I 000-

' .. I-*-2400

A-17



R- 1727

I. . - ITi re: C

I I Load:, 1 1+ lbs

................... Press: 35 Psi

C7 .. ICrner Ing Force!' I .. Dr
l1b)

1 iC~ 267 l b/0

2)400

1600

I t 00

'100 I 7.

I I 8~~~00' . 7

102- 6 10

-400 SlpAge(degree)

I 7 I.- 800 - -

12'00-

I I 1600~

-~~.' --- 2000,~

77777 1): ~-241 007;..j.

A-18



R- 1727

ITi re: C

.Load: 1504 1 b

I~ il] ~ ress: 50 Psi

Cornering!Force I Dry

F (lb).~ Wet
IWet

I i 200 lb!0

2400

,2000.I .~-*

.1200 ~

1202-

I800 I

20 8104

..~./Q.:. 40 ISlip Angle (degree)ý

12 7

'A E,000

- I 160

2 000I

Ii ~ I ,, ,24.100-

I~ ~ ~ A 19I~I



R- 1727

ITi re: C

'U: :.!.. *Load: 2168 l bs

I ~Press: 15 P~si

I j I IDry®
--Corner ing Force, I

(lb)4 ' e

C =233 l b!0

J4o -

1 ~2000

.46

'I '16~00 '- " I *'' .

10 81O 6'~ 4

SI i n d gej

1200

2400

10 8 6' ' 2 -20



R- 1727

Load: 2168 l bs

~L.;)-Press: 3 p

Corner ing- Force'I Dry (
I II ..-. ps

(ib) I',Wet

C 350 lb!0

2400

2000

I ~1600ol

- 1200

0

10 8 6 4 2

2 14 6 8 1'0

p~ . , 40 Slp AnglIe' (degree)

12,0

1200

I. 2000

A-21



R- 1727

. .Ti re: C

* I ... Load: 2168 lbs.'

I J:
.. . .. I -~~ Press: 50 ps i

I ~Dry 0
-~ Cornering Fo rc e

(ib);Wet

Cu 366 lb!0

2400

-, 12000

1600 .'

-1200

I 800 77

40

~ 00 Slip'Angleý (degree)

I ~~~1200I. .

160

2000I

- I -2400-

A-22



R- 1 727

Ti re: C

I. -7.-IPress: 35 psi
..... .. ... ~ o d: 3 5 b

Cornering Force, r

. .-. L... Wet

C~ 367 lb,'0

2400 -

~2000

1200

8000

00 Slip Angle (degree)

01

1600

2000I

* .. ]-2400-

A -23



R- 1727

Ti re: c
C 400 lb/0Loaid: 3350 lbs

- ~ Press: 50 Ps i

Cornering Force Dry

- - (lb1  - . I. .Wet

. ~2400 - EJ

12000/ - .

S- - 1600

- I - * 8100 1 .. .-

/0~

800

10 8 6 4 2 /
/ 2- 6 8 10

* I.;/ 40 ISlip :Angle (degree)

--800

I ~1200,.
4'0

1600' 1-

A-24



R- 1727 __ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

I I'' Ti re: D

I'Load: 150_

i-". res 1500 l

Cornerin Forc D ry®

F~~C 30 W!"'4-. 'F .. e

F':z! l!
77 1-- 2400 c' 2f

I j ~iII

*I '''1 'H 1600 f7'I ~ .

F -t--*--'-J 200;In L iL
F F'' 'F L~r'

r!~7'-FF I']~''800'

10 8 6 4 2:1S

S A] p LeqI degeqree.),

I I F ~ '~' F 800!: ~

-~- 200'0, r7'17

I V 't'-24-F '-

T i'' ::!I i

IF

A-25 'F .



R- 1727

i: . ~ ~ Ti re: D

7, fi] AI i ~Vj.t j Press:

Cornering! Force, 0r

(0b)1. ~jii

LL I

' '1200 7- -J

vi l7~ lii 2800 ~ bl I
-7 T. 40 7,I I' 77-I_ý -

10O 8 6 41  2 ,,. ~

If~ ' ~2 6 8 10

.. ..... j.. I I 40 0 S ip Angle' (degree)

0ý 0.- 2b

1-7 i ý III-

I'~160 _J. -----

Ii~24000 '

A-26



R- 1727

I ITi re: D

f I *Pre ~ss::50 P

II I ~.~'i . --7--
I I I: D ry

Corner ing Force II-

4 (b)iI It.. e.

I- Cc~ 267' 1b/'

.. .... .. . .... ... I7D7-

I , '~ 2000 -~

Ii~~~! 
4 U 4 .. I

j -I 77'I7I L-L 20

10 86 1.2~~~
8.1

400 SlIi p'.AnglIei'(degree)
-4400

7- 7'j. 800 k I

1600

HI. 24 0I

7.I

:j:I

A-27



R- 1727

I~T I IIre: D~

Load:.... .2 16815

7 ''' i ress P.

.Cornering*ForceK . 1 7K.:.. r

(.b H I

- . ii ri....~...Wet-

ýC 300 15/O

I i 12400 II

I Hj 2~~2000.~~77

_P, ' I. 7

.16 00 I

8 100 F _

j I J. LL

T i 0 0, I -_= *. 1-.

10 8 6 4 2.

- . - i I , .~ ~6 '8 10

I-t _,Slip,.A nOq e .( degree) - - - :

I ~~~ 400- ...

1600

...

-A-2



R- 1727

Ti re: D

..- -,..,Load: 2168 l b

. Press: 35 psi

IDry

Cornering Force.Dy

*F - I -Wet

C =, 400 lb!0

2400 ...-

IL.

I .j 800 m . i

*1 12.00 ~

10 8 6 4;2

2-8 10

F . ISlip Angle (degree)

.I....-800

F I F ~ I1200-F

.... F 1600-

-- 2000 F

-2400'-- - .I

A-29



R- 1727

Ti re: D

I . . Load: 2168 lb

Press:50 ps i

Cornering ForceDy
(lb). .We

24001 .p;

I .. .. 20000

,' <.:.i.:~i~ 1600

1200

- - ~800 .G - I

- L - . 400

I. 12~~00 . . . .

1200

j -~ . ----&

d# 60

A-30



R- 1727

Tre: D

. :4 135 l1b!. Load: 3350-lb

Press: 35 ps i

Cornering Force, I . r

1600 A4 t~

C' '400-~

10 8 6 4 2

21- + 6 8 10
I I7

1200 ~ *~

1600~

SI2 000

-2400 :

A-31.



R- 1727

IITi re: D

I i1 Press 50 ps i

F o r c e , i.' I ,D r y
(is); I: .Wet

I . 1 1 IC =440 lb!0

1 2400

?1000, '

' 1200 0

8 00

6 ... ..

10 8 6 14 2

.~ i p Angle!I (degree)!

'.0 8-00- I i

1 12 00 -l

'II I ~2000-~

j j

'I I .'' I



R-1727

I TI ire: ElI

I.ILoad :..-1504._.b-_

1es-5 !Psi

Corner ing .Fore 'liiI

.1) ... . L..j'v 3 00';W1t *

i t : ! l t

-~~5 I 2000,* C 30
F.v 'I. i4

r L J2)1600  !7 :1 ~

:j:
1 J,

I .I' II it I.I .J

'400

10 8 6 4 ~. I .:j

6 , 6 10

t I

'Iit
' I j ' '

I , jt I . I '

I 1..1hi

*. Ii.A-33



R- 1727 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I~T I ire E

I i Load:- 50~4. b_

2Corner ing>,ForceDr

240 I rC 275 b/u

j: 2400't- j.1 I

.1:~ o -.7tI'. JI-.

1600 .,

4 0, 0
8 4

10 8 6 4 210

II:~~~ ipAng tel Ieree) i......

2 000 -_

L;~ l
Iiiii I:2

-2400;f

A-34



R- 1727

I I Ti re: E

J I Load: 5+b

* .. I I1 7')lj Press ;50 ps i

Dry G
.;L'j -Cornering, Force, ' 1 '

(I b)

".77

F t

F 4 4 F I .] F '-,.40~ 0 0 S p ,

I 1.~ I I

r.n te, e ree)

2I 100 7IFI 7t

4 10

j I' '- 2000- ti~~

7 -

FAF-351.



R- 1727

...l.. ' `... Load:. .2-168--lb--

SCorneri ng Force 1 L i~.:Lr'_
(I b)

7 7'77irI 
t 245 1--F--

~,.-r 24000p

-- '1200'

1___LA

I _'A

II 80'0 0 ~''I

~0 . 1.

1200 ýI ---It 4'''L L I

.11. '$II ~ I' 1 1 I

-.120 L

III ' ,~ ~1600'
-. I II ~ I-

~~~~~~I A ;ijij
fi36



_______ __ ____ ______ _______R- 1727 _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _

a I . .

'I~~"P I" ~* ~ '
C ! ' I i; ; -, I '

Corneringif Foce iI r

~ ~ 11 1 C ., 25

I2000 F' T -,7'

I~~ 1F tI **~~

16 0 ; I L.

I F 'T -7/ . .: L 1 tF . 1 10

8000!

t II ~ !;:A Ii

IL! .8 1
AII '' I

F 1111 1,:j

T _7

.1 .200.,, 77- 77

7- I ji 1600 III

Ai3



R- 1727

.I i

I I IT ire: E

. i ','ijt.. -Load: -. 2168 1lb
r s

I I '! I~j:I Dry s

-Co ne i rg" Ci
(l1b) 1  

We1 ~
I II '~~'I~''0

F I I i.

' I12000 T IJ ~ fl' I 1. , *~ .t I

16o 1; I
1
IjFI

10 t78 6 1. 12 I

r1 1 'i * it * *

800j .FIIF IF: 7 -1, Ii :

120 .11 f k4400 14:

10 8 6 4' 2

21 ;'* 20 1 10~i':
It I 1 i 

1 I .I

II I

7- 171 
I''II il

.t.1600 l
7 -7-J 1 ~ I,---20M

24ooi.

A-38



R- 1727

L J.2-T re:

I " LI '-. .Load:.' 50 l

t.1 .. FF K pr e s s .. 3 5 p s P1

-:Cornering I ' ' * I(Ib i F 1 ';'i!'' 
I3 0 1,

I''''MeI
~2400 t~ F350l -F b/

2Irz ''IF

I.W- 2000. t~F'.~

17,,

711 2 0 
t1. 0

"'I
!-I -rFl-i.1 

t

400 T4

I'. 'I 6 e I
I 21

8010

200' 17!F

IJI

FF 10001 MI'

'FF:,tFi' jFI.G'~~~~ ~ it ' ,'F 'F'.I'' 
'' ' I F F I l

240.0F'

' ' '' F

F F ~ 'fF'''' ~ 400 I F ,,. ' 7

F ~ **~ 'F l F'''F FF''' 12 1
F F t' '''

*"'. F F ' ' FF .F F ' ':I ' F FI'F ' ~ i ~ l iF F , ' ~A -F3 9IF



R- 1727

L ; II

L o a d : .. '--V 3 3 5 0 .l b .,
I j ýH P r e s s - s5

4 0 0 l b

I- Cornering F~~i.Cei400- fIIII I r

I T

I~1 1 "j ...1600.I. i ......

10 8 4 6 1

f .4 40 0 jSi(dge i

I II I.

.11 ;1 o L I 14 1

1I. ?~00 j I

LA



R- 1727

Ti re:F

Lod 150.1.

I I.;-.Press: 15-ps i

...-. i.- ... .: Cornering- Force.''' I Dr

I iC~ 200 lb!0

I ii ~2400o -

7. .7I

L 1 000I i-

i6 7777I

17 r 800 :

10 . 6 4_ _ __ __2_ _

-7 40 1

6 0 L10. .

L .214 - 4~1200 Slp-llere

.. I LI16~ 00 -17 7

I 12000 I
I 2600'- 7'

~ .4! .4. . I I

4 . ,i A-41



R- 1727

Ti re IF

I .. ij'[~ .Load:, 15 ok lb

I .. .. j,~,Pre~ss 35' psi

Cornering Fo rc e Dry G

(ib) IWe

- IIK oo C- =250, lb!/

2000,
14 -

~1200 ''

7-7
800 K-V

d400 .I~

2l-

K) 10
_0j li~p .Angle -(degre~e) .

1600 4.--'

... .. 2000 r.I 7I t

'I;I

A-4 2



R-1727

.. .. L o a d : .1 5 0 4 l b

~ ress: 50'ps i

I--Cornering , For e I I ry

(1b): jIIWt 
25 l!

275 1 I

I' -i 2~000 vK K I I! 1

-I1600 '1

7: IT ,

400,I 'I-

10 8 6 4 2 . 1  i
2! ie 6 8 10

'I ~S~ 4 0 ~i pl Anie,'(egreej

if

1200 -I

'_2000 -4

ji~-,~ Ii 24.00 I

A -I .. I I -
.

:i j

4A-4



R- 1727

I Tre: F'
1- Load: .2168-:lb.

l~ress: 15!-psi

Fl; D ry ý
Co rne ring Force

(1b) I

C~ 1921.b/ 0

I ~2400-. it , i

.1600 -

10 8I6 4.ii2

-I--(Pill

I i PA gIe' e ee

77' 100
;do; FF1

t 0 8 6 800 ,

1200.

~~~~ ~~400'Sip~~~1(ere

t. li E . I.

I _ 80 7:17 7~..

A-44'



R- 1727

I I I ire: F

I II ..z Load:_2168 lb

Corneing Frce IDry *

....... 300 1b/OI ~ I - -

2400-,

II 6oo . ~ . . 77t77

71 7 1200 -
8-I0 I L

A,~ .... 11 ...

F I A L F 80 0

S1i p!I ti', F

iI{ I I 28000 I

r4 j 1 ~~

2000 .....

*1 FF1'1 I7-A

A-45*



R- 1727

I~~ i ire: i

rt Load: 2168 11 b

i: t' Press ,: p50 1

7 71 t *. I, i Dr :.

'I;:! Ai -CI 325ý lb!0

t 7I,

7,i-7:2000

1600 I~j.r

I I i I ..J 1

I Ll
10~~~8 60 2I 1

i 0ii I , 1 , 6- -

-. 
1,j 11

L I 4oo Slip1  (e40ee:

LII T!,~j~ I '' nge

I8 2 '
10- 6I J 4

2000400

800l

-'-7"- 1200

t2400: 7- 't-
;h; II

'il 1 1 [ I I.

A-46 
I___ _



R- 1727

*Ti re: F

I .Load:, .3350 l b

I ,press 35 Ps i

Cornering: Force ¶Dry

I ~ ~~~~ bI),:.I . 1.

*1 Ca =267 lb/0

2400,

2000

-1600 .

I I 1200

" 7'' 71 I I

-o o

10 8 6 4 2~
-~ .. ~.2;6 10

I ~. E® 400. li p Angele (degree)ý

S 1600

I 8000

0 0I

* I IA 120



R- 1727

Tie ':I.Load: .3350 lb'

I. i'. .;j. ,~I Press: '50PSI

41t

Cornering- Force!I Dry®

(I b)'

I 2400, I-

* K: n 0 00  ~ .0.1 0

.1: 1 6 0 0 CF
J.i

I , .. 1 400 F -

400 0 -,

F 1,11I200

F ~ I II 1800.F

I 12000

F , F 1400 i

r F F

I F-4F



R- 1727

''I . .Ti re: G

-]' I Load: 1500 lb

I * I.......* ;' ..-.. I tt. Press: 15 ps i

..... .~ . Cornering Foc . r

Wet.

1,2~4000

160

I * 112 000 -

1600

S1 I i n l (e re

I ~ i200800

I 4

I.' F 80 1600

I ' ~~400':Si (ere

I AF49



R- 1727

'Ti ire: G'

-j .......
ýJ Load: 156 0 ]b

-' ' : ip' I'

I... ,,t I I 1Press: 135 I~

(lb) 1  
7I i 

et

(1b
I'C

II 
I C~' 267 lb!0

2'400 
I

-I ~II ii2000

7"jL 1600

4 l00

1, An I (

108 I 40001

.1200

* . .1 11600 -

...--
2 0 0 0 -

i*t
A______________________50_____________________



R- 1727

ITire: G

Load: 218I

- I ' F IF ress:'15  psi

*F Cornering, Force I I I. r

* I I''F I .. Wet.

* F 1 I Fi 'C- 2= 57 l b!0

* I '' ~24-00 FF

I FF12000' I

I III TF'1600 J~ F

f. F I F 1200 FI f

F6 8 1FF

F 0 800gree

8F'.

F. F ., 1600 0

F .,.~. I '' F~ F 2000I

F FJF4I00F.

T F

F F . . .

F 108 6 21I ,p

F A-51



R- 1727

~, IITi re: G I

I I ILoad: 2168 lb

*]III - Press:3 5 ps I

Force'' Dry

Corne r in gFoc
(1b) 1

I~~ .~310 lb,'0

:j .

21400

8 100

8400 )I

10 8 6 4 21

2- 4 8 1+0

I ~. 400 Slip Angle!, (degree);

- ~~~800 I.*

'IL 1200

''24000

I, t

~~.. A-52



R- 1727

ITi 
're: G

i ~Load: 21g0 -l'b

IIIPress:~ 50:psi

Foc Dry x

Corner ing; Forc

..... I Wet

Ii~~i. I iC .288 lb!0

2400

1 - 7 1 -1. ...-

'800 
-I .

400. 1200ipAgl dere

800 0:

I ~~400' I * (ere

:**~ IA-53



R- 1727

Ti re

'ILoad: ý3350.1 b ..

Il .Press:35 Pst1

Crnering, Force, Dry x
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